serial changes and prevalence of abnormal P waves in 2I0 consecutive patients with acute myocardial infarction. The sensitivity of the P waves in indicating haemodynamic overload of the acutely damaged left ventricle, and the prognostic significance of the atrial electrocardiogram were assessed.
the prevalence of abnormal values was not high (46%). This finding is to be considered rather as a contributory sign than as a diagnostic one in the entire clinical picture. In an individual patient, however, conspicuous serial changes are helpful in indicating the direction of course of the haemodynamic disorder. The prognostic value of the P terminalforce was found to be significant.
The electrocardiographic concept of 'P mitrale' is widely used for recognition of left atrial involvement in heart diseases. It is characterized by a prolonged, notched P wave, and a shift to left and posteriorly of the terminal forces of the P wave. In mitral valvar disease these P wave changes are usually associated with anatomical atrial enlargement (Reynolds, I953; Saunders et al., I967) . In addition, the haemodynamic load on the left ventricle is shared by its filling reservoir, the left atrium, and impairment of left ventricular performance should, therefore, be indicated by P wave changes. Electrocardiographic abnormalities constituting evidence of such haemodynamic burden on the left atrium have been reported in aortic stenosis (Gooch et al., I966) , hypertension (Tarazi et al., i966) , exercise (Cortes, I963) , and left ventricular failure (Wood and Selzer, I939;  Sutnick and Soloff, I962) .
Recently, Grossman and Delman (I969) described serial P wave changes in 24 selected patients with acute myocardial infarction. Systematic studies ofthe P wave alterations and of their prevalence in acute myocardial infarction are few (Master, 1933;  Miori and Mazzei, I965;  Sitar, I965; Heikkila, I967;  Semin, Trushinsky, and Murashko, I968) . The fact that left heart pump failure complicates most cases of acute cardiac infarctions (Julian and Oliver, I968) instigated the present survey of Received 25 November I969.
serial changes and prevalence of abnormal P waves in 2I0 consecutive patients with acute myocardial infarction. The sensitivity of the P waves in indicating haemodynamic overload of the acutely damaged left ventricle, and the prognostic significance of the atrial electrocardiogram were assessed.
Subjects and methods
Patients The present analysis is based on the data of a prospective clinical investigation on acute myocardial infarction. The criteria and description of the clinical methods used have been presented before (Heikkila, I967) . The 2I0 consecutive patients with acute infarction were observed carefully daily during the first io days, and thereafter every other day until they were discharged.
The clinical features which were recorded and estimated for their severity included: clinical left ventricular failure (score 0-2), palpable paradoxical cardiac pulsation (score 0-2), pulmonary oedema, ventricular and atrial gallop sounds, splitting of the second heart sound and accentuation of its pulmonary component, and cardiac murmurs. Particular attention was paid to acute papillary muscle dysfunction; the mitral regurgitant murmurs (phonocardiographically established) were divided into two groups for coarse quantitation. In the first group, the early and late ejectiontype, proto-mesosystolic and decrescendo-type pansystolic murmurs were considered to indicate slight regurgitation (Nager, Kaufmann, and Schaub, I964; Heikkila, I967) . In the other group, different types of pansystolic murmur (plateau, crescendo, spindle) tend to occur together with more conspicuous mitral incompetence (Fig. I ).
P wave changes and left heart failure in myocardial infarction SII Chest x-rays X-rays were available from the subacute phase 3 tO 4 weeks after infarction and from the 6 months' follow-up. The heart volume was measured, the size of the left atrium was estimated from plain x-rays, and scored o-3, and the radiological signs of left ventricular failure were scored o-4: o -normal, I -pulmonary venous dilatation, 2 -interstitial oedema, 3 -venoconstriction in the lower fields and septal lines, 4 -frank alveolar oedema (Fig. 2) .
Electrocardiograms (a) Equipment and procedure A direct-writing ink-jet apparatus (Mingograph, Elema-Schonander) with linear response up to 500 c.p.s. was mainly used. A gain was employed which produced IO mm. deflection for I mV calibration potential. The paper speed was 50 mm./sec., which enables the small P wave alterations to be detected with reasonable accuracy. An average value from several electrocardiographic complexes was used in order to avoid the effect of respiratory changes in the position of the heart. Electrocardiograms of three time periods were analysed in detail; the first was recorded on one of the initial 5 days, the second 3 to 4 weeks after onset of infarction, and the third tracing was from the follow-up study after 6 months on the average. The initial tracing was recorded with a few exceptions only before, and the second after, development of acute mitral incompetence in cases where this complication occurred. (Morris et al., 1964) . Significance tests were also performed in relation to a still more negative value of -o o4o msec., which is sometimes used as a demarcation between normal and pathological P terminal forces (Tarazi et al., 1966; Burch and DePasquale, 1967) . The duration and amplitude of the P wave in bipolar leads, and the axis of the P terminal vector in the frontal plane in the uncorrected hexaxial system were also analysed. These criteria disclosed no significant serial changes or conspicuous deviation from normal limits (Heikkila, 1967) , for which reason they were not subjected to any more detailed analysis.
The P terminal forces could be measured at the initial phase in 200 of the total series of 210 patients with acute infarction, in I96 patients 3 to 4 weeks after infarction, and in I50 patients at follow-up. Tracings with atrial fibrillation (5 patients during the stay in hospital), atrial ectopic rhythm, or signs suggesting atrial infarction were not included.
The dynamics of the P terminal force in the phases of cardiac infarction were studied; the presence and degree of clinical features observed in the course of acute myocardial infarction were related to the simultaneously determined values of the P terminal force. The prognostic value of alteration in the P terminal force was tested, using the findings in 30 patients with sinus rhythm who died in hospital, mainly from pump failure.
The recorded data were punched on cards and processed in an IBM I620 computer. pathological P terminal force in one of the three exaninations. Fig. 3 shows those correlations that were found to be statistically significant between the P terminal force and the occurrence and degree of various clinical variables, including radiological evidence ofleft ventricular failure, in the three time periods, studied by computer analysis. The clinical variables which yielded significant correlation with the P terminal force, when only the presence or absence of abnormal findings was considered and analysed by means of fourfold point correlation coefficients, are illustrated in Fig. 4 . The significances remained similar even when -o040 msec. was used instead of -0030 for the upper limit of normal, except that at the subacute phase the third heart sound was then associated with a P terminal force at a higher significant level (p <o.oi), and at follow-up its relation with myocardial asynergy became probably significant (p <o0os).
Results

Relation
During the initial days of infarction Of the 200 patients, 23 per cent had a pathologically negative value, exceeding -o0o30 msec. Statistically significant correlation was present only between the P terminal force and myocardial asynergy, as manifested by unequivocally palpable paradoxical cardiac pulsation. In the fourfold point correlations, considering only normal and abnormal findings without quantitative grading, clinical left heart failure also became significantly associated with pathological P terminal force. The third heart sound accompanied myocardial asynergy and clinical heart failure, but its presence was not directly related to the P terminal forces during these first days of infarction.
3-4 WEEKS Fig. 5-9 ). Relation of P terminal force to radiological findings P terminal force correlated highly significantly with heart volume at both phases in which this was studied. The relative size of the left atrium became significantly correlated with P terminal force only at the follow-up phase (p < o ooi). Pulmonary vascular congestion has been commented on in the preceding section and is seen in Fig. 3 .
Relation of P terminal force to papillary muscle dysfunction Because development of the pathological P terminal force was significantly related to acute papillary muscle dysfunction in the present and in a previous study (Heikkila, i967) Suh and Eddleman, 1959;  Heikkild, Luomanmaki, and Pyorial, I970), in that the ischaemic or destroyed portion of the ventricular wall entirely fails to contract or contracts abnormally (Herman et al., I967) . Acute ischaemic papillary muscle dysfunction adds varying amounts of regurgitant volume load on the damaged ventricle in about half of the patients with acute infarction. The frequent interference in the function of the papillary muscles in acute cardiac infarction is probably related to infarction of the papillary muscles themselves, in association with an impaired contraction pattern of their damaged supporting ventricular wall (Heikkild, I967, I969). Consequently, the left atrial pressure tends to be raised both owing to the increased end-diastolic pressure of the failing ventricle and as a result of mitral incompetence. However, clinical findings have not always revealed pump failure observed at serial x-ray or haemodynamic investigations (Roughgarden, I966; Fluck et al., I967; Julian and Oliver, I968; Tattersfield et al., I969) .
Value of electrocardiographic left atrial overloading in indicating pump failure Significant correlation was found in our study between the electrocardiographic left atrial overloading and the degree and serial changes of various clinical and radiological signs of left ventricular dysfunction in acute myocardial infarction. This correlation increased in the course of time. In the initial phase, the pathological P terminal force was accompanied by palpable myocardial asynergy, while at a later time acquisition of acute papillary muscle dysfunction and ventricular gallop became the main single factors affecting the P terminal force. The effect of arterial blood pressure on the acute changes of P terminal force was found to be insignificant in an earlier analysis (Heikkila, I967) . The prog-7 nostic value of the dynamic alteration in P terminal force was significant, and agrees with the findings of Sitar (I965) .
In spite of these significant correlations, the r values were low, 020-05o, and the number of P waves reaching pathological values (46%) remained, in this series of consecutive patients, less than reported by others in acute myocardial infarction (Master, I933; Schmidt and Hilmer, I95I; Miori and Mazzei, I965; Sitar, I965; Abrate, I967; Semin et al., I968) . However, in several of these studies on P waves only a qualitative estimation was reported. Subtransmural infarction with little ventricular failure might also explain this finding in a large series of unselected infarctions. However, clinical findings of left ventricular failure still prevailed in about twothirds of the patients, and there was no significant difference in P terminal force in relation to the extent of infarction. The considerable serial changes occurring in opposite directions (discussed later) also tend to reduce the number of pathological P terminal forces at each time of observation, depending on the stage of evolution in the pump failure.
P terminal force is one of the most sensitive electrocardiographic criteria for detection of left atrial overloading, notable even in the case of pure pressure increases, with little anatomical enlargement (Morris et al., I964; Saunders et al., I967; Kasser and Kennedy, I969) . However, its correlation coefficient with left atrial involvement is not very high, and about a quarter of all atrial enlargements may not be associated with pathological P waves. Thus, because of this methodical factor, and on the basis of the results of the present clinical study, the suggestions of the value of left atrial electrocardiographic abnormality as a sensitive indicator of heart failure (Wood and (Penneys and Thomas, 1950;  Valori, Thomas, and Shillingford, I967).
Interestingly, there was no correlation between atrial gallop sound and electrocardiographic left atrial overloading, nor, more significantly, with any of the clinical and radiological signs of ventricular failure which were studied. This finding contrasts with observations in hypertension where a close correlation has been reported (Tarazi, Frohlich, and Dustan, I969). Some mechanism other than established congestive heart failure or hypertrophic restrictive myopathy (Goldblatt, Aygen, and Braunwald, I962; Meerschwan, I969) seems, then, to be involved in atrial gallop in acute myocardial infarction, where it is present almost invariably (Hill et al., I969; Heikkila et al., I970) .
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